UNCLASSIFIED 


AD  NUMBER 


AD838839 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Foreign 
Government  Information;  OCT  1965.  Other 
requests  shall  be  referred  to  Commanding 
Officer,  Fort  Detrick,  Attn:  Technical 
Release  Branch/TID,  Frederick,  MD  21701. 


AUTHORITY 


SMUFD  D/A  ltr,  14  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


ABS  38839 


r 


TRANSLATION  NO.X5V^r 


** 

DATE  :«?<£  0&M"J 


DDC  AVAILABILITY  NOTICE 

Reproduction  of  this  publication  in  whole  or  in 
part  is  prohibited.  However,  DDC  is  authorized 
to  reproduce  the  publication  for  United  States 
Government  purposes. 


I 


STATEMENT  #2  UNCLASSIFIED 
scument  is  subject  to 

15  ^  b.9— . 

TS Lio/ .?prov»1  of  Dept,  of  Army, 
etrick,  ATTN:  Technical  Release  Branch/ 
eir  *  _ _  91  701 


1 


/ 


COOPERATION  OP  INTRACELLULAR 
_ NADH-0  XIDATION  -SZKEEKS _ 


/following  is  a  translation  of  an  article  by 
Os  Wagenknacht  and  S.  Rapoport  of  the  Physio- 
logicai-Qhemleal  Institute  at  Humboldt  Uni¬ 
versity  in  Berlin,  in  Acta  Biologies  et  Medi» 
ea  Germanlca  No  12, 


Summary 

\ 

In  model  experiments  the  authors  examined  cross-con¬ 
nections  with  the  main  pathway  of  the  respiratory  chain  in 
mitochondria.  They  ascertained  reactions  between  the  solu¬ 
ble  di&phorases  of  the  cytoplasm  and  the  mitochondria.  At 
the  same  time,  they  traced  the  possibility  of  reaction  be¬ 
tween  micro some s  and  mitochondria  in  the  model  and  examined 
it  as  to  its  mechanism  of  reaction.  The  electron  transfer 
of  this  respiratory  cooperation  is  not  based  on  an  absorp¬ 
tion  or  diffusion  process.  As  far  as  the  cross-connections 
of  the  respiratory  pathways  in  the  cell  are  concerned,  -the — 
ferric  flavin  enzymes  of  the  mitochondria  play  &  slgnifeant 
rolo  as  a  center  of  cooperation.  The  importance  of  the  eo- 
operative  ways  in  th©  cell  is  discussed.  ^ 

As  it  has  been  known  for  a  long  time,  the  respira¬ 
tion  of  cells  may  b©  stopped  almost  completely  through  cya¬ 
nide  and  carbon  monoxide  which  have  a  selective  effect  on 
cytochrome  oxydase  (1-3).  As  a  result,  cytochrome  oxy¬ 
dase,  which  Is  localized  in  the  mitochondria,  represents 
the  final  stretch  of  oxidation  of  the  entire  sell.  Enzymes 
which  transfer  hydrogen  but  fail  to  react  directly  with  ox¬ 
ygen,  may  be  found  in  large  numbers  and  great  capacity  out¬ 
side  of  th©  mitochondria.  The  normal  enzyme  capacity  of  a 
rat  *  s  liver  shows,  for  example,  that  of  the  total  NABH  d«~ 
hydration  capacity  only  40%  ar©  localized  in  the  mitochon¬ 
dria,  50%  1®  the  raiorosome  fraction  ./See  Note/,  and  10%  In 
th©  aolubj $  phase.  It  may  therefor©  d®  assumed  that  cross 
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connections  do  exist  between  the  final  stretch  of  oxidation 
and  the  mitochondria*  This  work  uses  model  experiments  to 
exmin®  the  cooperation  of  respiratory  enzymes  in  the  sell, 

{/Sots:/  Ergas t ©plasm! c  membranes  ware  not  separat¬ 
ed  from  the  ribosomes  Is  these  experiments.  Instead,  the 
mixture  —  also  sailed  micro some a  —  was  used*) 


Material  and  Method 


The  dell  matter  used  ->-  mitochondria,  heart  enzyme, 
micro semes,  and  hyaloplasm,  as  well  as  HU  and  RU  ^e©  &©t©7 
—  was  represented  as  described  ia  earlier  publications 
(4  ■  7) * 

(^Hbtej/  The  following  abbreviations  were  used: 

SB  »  heart  enzyme?  TO  -  static  erythroeits  fluid?  RU  = 
static  reticuloeite  fluid |  NADH  »  nicotine  acid  amino-in- 
dinucleotide ,  reduced « ) 

A  commercial  preparation  of  HADE  was  used  as  the 
substratum.  The  NASH  oxydase  activity  was  measured  through 
extinction  decrease  at  34Q  nm.  The  measuring  took  place 
in  a  0,03  M  phosphate  buffer,  pH  the  final  volume 
amounted  to  2*8  ml.  Generally,  the  following  final  concen¬ 
tration  per  deposit  was  maintained:  NADH  -  200  g|  BE  »  30 
g  albumens  microsomes  -  90  g  albumens  TO  4*  HU  «  130 

g  albumen. 

If  highly  viscous  media  were  used,  the  reaction  was 
observed  following  thorough  mixing  by  -means  -of  a  glass  rod 
which  lasted  for  30  seconds  without  creating  air  bubbles. 

All  units  of  activity  are  expressed  in  uval/min/ml 
onzyme  solution. 


Results 

1.  Dlaphorase  Reaction  In  the  Soluble  Phase  and  the 
Mitochondria 

Tables  1  shows  the  influence  of  erythroeits  NADH  di&- 
phorase,  which  is  eontraned  in  TO,  on  the  NADH  oxydase  sys¬ 
tem  of  the  heart  enzyme.  Static  erythroeits  liquid  (TO) 
was  added  as  a  dlaphorase  t©  a  heart  sarooseme  preparation. 
TO  itself  showed  a©  NADH  decrease.  The  oxidation  of  NADH 
•through  heart  sareosomes  was  increased  by  a  factor  of  2.9 
with  the  aid  of  added  TOa 


Heart  enzyme,  poroupirw  micro some s  (8),  and  rat  liv¬ 
er  mitochondria  and  rai crosomes  were  used  in  the se  experi¬ 
ments,  Table  2  indicates  that  the  addition  of  microsomes 
can  increase  MADH  oxidation  in  the  mitochondria  by  a  factor 
of  3„6  ,  In  controlling  experiments,  the  xaicrosomes  alone 
did  not  effect  a  NADH  decrease,  that  is,  no  activity  was 
observed  in  the  NADH  oxydase  test  of  the  xaicrosomes  {8}, 
Since  washed  cell  particles  were  used,  we  ere  justified  in 
assuming  that  after  mitochondria  were  added,  the  microsomal 
NADH  cytochrome  reductase  found  a  connection  with  the  final 
stretch  of  oxidation  in  the  mitochondria.  The  experiment 
indicates  that  micro somes  act  as  soluble  diaphorases.  Pre- 
incubation  of  heart  mitochondria  with  RU  greatly  retarded 
NASH  oxydase.  Microtomes,  which  were  added  subsequently. 


Table  2 


Th@  Increase  of  NADH  Oxidation  in  Heart  Sarcosomes 
Through  Porcupine  Mierosomes 
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/ETegend??  a)  Additive?  b)  Oxidation?  0) 

Effect?  d)  Retardation. 

cooperation  of  the  two  cell  particles  may  be  located  either 
at  the  point  of  BE  action,  or  just  below  it. 

The  capacity  of  the  oxidation  path  from  cytochrome 
c  to  cytochrome  oxydase,  which  is  larger  than  that  of  the 
mitochondrial  MADE  cytochrome  c-reduet&se,  may  be  titrated 
by  adding  an  overdose  of  tsicrosomea.  In  the  experiment, 
which  is  recorded  in  figure  1,  the  concentration  of  mito¬ 
chondria  was  kept  constant,  and  the  maximum  capacity  of  the 
oxidation  pathway  from  cytochrome  c  to  cytochrome  oxydase  t 
was  determined  by  adding  greater  amounts  of  mierosomes. 

The  relative  oxidation  increase  does  not  depend  on  the  / 
amount  of  mitochondria,  provided  that  there  is  a  surplus  of 
isierosomes.  This  experiment  is  Illustrated  in  figure  2* 
Different  amounts  of  a  mitochondria  suspension  were  added 

to  a  great  surplus  of  mierosomes  (the  concentration  wag _ 

_ saturated  by  a  factor  of  10} , — Micros dm®  values  follow  a 
straight  line,  just  as  those  of  the  mitochondria.  Accord¬ 
ingly,  there  was  also  a  constant  increase  factor. 


Fig,  1  Titration  of  the  oxidation  pathway  from 
cytochrome  c  fee  the  cytochrome  ©xyd&s® 


of  heart  sarcosomes  through  porcupine  micro  - 
somes,  NADH  oxidation  of  an  KH  preparation 
was  tested  following  the  addition  of  various 
amounts  of  porcupine  micro semes  (HS  constant) , 
The  ordinate  marks  the  activity  as  an  extinc¬ 
tion  change  at  34^  sunj  the  abscissa  shows  var¬ 
ious  amounts  of  microsomes  in  ml  pripary  solu¬ 
tion.  Measurements  took  place  in  0.03  phos¬ 
phate  buffer  pH  7*4 *  end  volume  2.8  ml. 

^egend/s  a)  Microsomes. 


Pig.  2  Constant  increase  of  NADK  oxydase  of 
heart  sarcosomes  through  porcupine 
microsomes. 

NADH  oxydase  of  heart  sarcosomes  was  tasted 
for  proportions  with  a  surplus  of  porcupine 
microsomes  (x)  and  without  the  addition"  cf 
microsomes  (0).  Ordinate;  activity  as  a 
decrease  in  extinction  at  34®  nm ;  abscissa: 

_ various  amounts  of  a  diluted  heart  prepare- _ 

t  ion « 


3,  The  Mechanism  of  Reaction 

There  are  three  possibilities  for  the  mechanism  of 
reaction  in  the  two  enzyme  systems: 

a)  The  absorption  of  microsomes  by  the  mito¬ 
chondria, 

b)  A  diffusion  of  the  microsomes  and  the  mito¬ 
chondria,  related  to  a  transfer  of  electrons, 

e)  A  distant  action,  the  transfer  of  electrons 
by  means  of  matter  with  a  low  molecular  content, 

First  of  all,  tests  were  conducted  to  determine 
whether  or  sot  the  cooperation  effect  between  mitochondria 
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and  raiorosoraeg  was  retained  after  the  mitochondria  {K £} 
war©  separated  through  centrifuging  (12* COO  g).  Positive 
results  would  have  indicated  an  absorption  of  micresomes. 
The  last  line  in  table  3  shows  that  mitochondria,  re»sus=> 
pended  from  the  activated  mitoehondrla-microaerae  accumula¬ 
tion,  have  a  lower  activity  than  the  initial  non-activatad 
suspension.  Both  after  and  prior  to  centrifuging,  addi¬ 
tional  mlcrosemes  increased  the  activity  by  a  factor  of 
three.  Consequently,  an  absorption  of  microsomss  by  the 
mitochondria  does  not  apply. 


- Tabled 


She  Influence  of  Centrifuging  ©n  the  Cooperation 
Effect  Between  Heart  Sarcosomeg  and 
Porcupine  Microaomes 
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-  /Hagend/^:  1)  Without  microscales*  2)  With 
microsom©@}  3)  Activity  coefficient;  Ii) 

Bf&jr  to  centrifuging;  5)  After  centrifuging} 
6)  Microtomes  after  centrifuging. 


The  role  of  diffusion  was  tested  in  experiments _ 

"whore  the  viscosity  of  the  medium  was  varied.  Cane  sugar 
wag  added  in  varying  amounts  to  increase  viscosity.  Table 
4  shows  the  HADH  ©sydas©  activity  of  the  mitochondria  and 
microsemes  in  media  of  varying  viscosity.  In  viewing  the 
rate  of  reaction  in  sediments  without  micro acme a*  we  find 
&  reciprocal  relationship  between  the  rate  of  reaction  and 
viscosity.  Starting  with  the  reaction  in  0.03  M  phosphate 
buffer  pH  ?.4»  the  activity  was  calculated  in  accordance 
with  the  expected  influence  of  viscosity  on  the  diffusion 
rate  of  materials,  using  the  formula  activity  » 
activity  in  PG^-feuffer 

*  figures  are  indicated  in  ta¬ 

ble  4  in  parentheses.  A  similar  dependence  is  found  in 
sediments  containing  micro semes.  The  increase  coefficient 
remains  constant,  These  results  lead  to  the  conclusion 


that  the  transfer  mechanism  between  rcicrosomes  and  mitochon¬ 
dria  does  not  have  an  additional  retarding  effect  on  diffu¬ 
sion. 


Table  k 

Cooperation  Between  Heart  Sarecscmes  and 
Porcupine  Micro  gorges  in  Viscous  Media 
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/ITegend^t  2}  BE  +  Mierosomesj  3)  As  in  Table 
3;  4)  Viscosity!  5)  Phosphate. 


The  mitochondria  and  micro semes  were  washed  three 
times  in  an  isotone  salt  solution  with  the  attempt  of  re¬ 
moving  matter  with  a  low  molecular  content.  This  process 
did  not  reduce  the  increase  in  activity.  Furthermore ,  var¬ 
ious  buffers  were  examined.  It  was  determined  that  similar 
results  ar©  obtained  in  phosphate,  tris«,  and  tra-buffers. 


Discussion  _ 

This  study,  as  well  as  model  experiments  described, 
earlier  (4)a  lead  to  the  conclusion  HADH  oxidation  of  the 
cell  may  well  take  the  course  shown  in  figure  3.  In  that 
case,  the  final  path  of  oxidation  would  always  lead  through 
the  mitochondria  and  their  cytochrome  oxydase.  The  diagram 
shown  stresses  the  microsome  cytochrome  and  the  Iron  its  the 
MACK  cytochrome  e-reduet&s©  as  key  points  in  the  cooperation 
of  1IADH  oxidation. 

This  outline  ignores  the  extra-mitochondrial  NAPH  / 
pathway  which  was  described  in  the  case  of  a  locust  muscle 
(10  -  153 .  According  t©  these  experiments,  hydrogen  of  the 
extra-mitochondrial  NASH  cannot  fee  directly  oxidated  from 
fch®  mitochondria.  It  hag  been  proved  instead,  that  hydro¬ 
gen  is  flooded  into  the  mitochondria  through  the  substratum 
a«gly earin®  phosphate , 


? 


i 


Fig.  3  Cooperation  of  NADH  Oxidation 


^Tegend/i  1)  Mitochondrial  2}  Microsomes? 

3)  Soluble  phase?  4)  Cytochrome  oxidase?  5) 
Mierosome  cytochrome. 


Another  mechanism.  (16  -  18}  is  based  on  the  theory 
that  MDH  does  not  permeate  the  mitochondria  membrane.  Ac¬ 
cording  t©  these  findings,  HADH  and  aceto-aeetic  acid  at 
the  surface  of  the  mitochondria  may  react  to  f  -oxybutric 
acid.  The  onsyme  acting  as  the  catalyst  in  this  reaction, 
is  then  in  a  position  to  fill  the  mitochondria  with  hydro¬ 
gen  through  an- oxidation  reaction.  Only  a  catalytic  amount 
of  acetoaeetic  acid  is  necessary  to  produce  such  a  reaction 

Earlier  studies  proved  the  existence  of  independent 
soluble  MDH  diaphoreses  in  static  haemolisate  (0),  as  well 
as  in  the  hyaloplasm  of  the  liver,  kidney,  and  heart  tissue 
(4) .  Their  possible  biological  importance  has  been  discuss 
e&  as  a  partial  system  of  oxidation  pathways  in  extra-mito¬ 
chondrial  MDH.  On  one  hand,  the  JJADH  of  the  soluble  phase 
—  as  indicated  by  the  results  of  this  study  —  might  bs 
oxidated  through  NADH  diaphoresis  and  the  mitochondria.  A 
direct  electron  transfer  from  the  soluble  diaphoras®  to  the 


no  reaction  with  cytochrcna  b-,  and  is  s- 
a  natural  electron  acceptor  co-enzyme  Q. 


posed  to  serve  as 


The  oxidation  of  HASH  through  nierosomes  might  find 
a  connection  to  the  main  respiratory  chain  in  direct  reac¬ 
tion  with  the  mitochondria.  So  far,  a  direct  cooperation 
between  microsomes  and  mitochondria  in  vivo  has  not  been 
found  yet.  However,  on  the  basis  of  the  above  model  expe¬ 
riments,  a  direct  reaction  between  microsom^s  and  mitochon¬ 
dria  seems  possible.  In  considering  an  electron  transfer 
between  the  particles,  wo  should  bear  the  fact  in  mind  that 
a  direct  reaction  between  the  microsome-cytochrome  and 
cytochrome  c  is  very  rapid  (as  shown  by  Strit  treat  ter*  and 
Veliek  22)  and  probably  rests  on  a  simple  chemical  reaction. 
It  would  be  difficult  to  imagine  this  rapid  reaction  as  & 
mechanism  of  reaction  sine©  both  cytochromes  ar©  particle 
bound e 


These  modal  experiments  point  to  the  possibility  of 
an  electron  transfer  between  microsomes  and  mitochondria, 
even  though  the  problem  of  the  ultra-mechanism  has  not  been 
solved  as  yet.  In  this  case,  the  ferric  components  of  the 
mitochondrial  flavin  enzyme  are  bound  to  participate  in  the 
mechanism  of  transfer,  since  RU,  the  inhibitor  of  ferric 
flavin  snsyms  of  the  mitochondria,  retards  cooperation. 

The  results  of  the  model  experiments  lead  to  the 
conclusion  that  the  reaction  me onanism  of  electron  transfer 
rests  neither  on  the  absorption  of  microsomes  by  the  mito¬ 
chondria,  nor  on  the  diffusion  of  particles  and  substances 
with  a  low  mol ocular  content.  The  following  deliberation 
supports  these  results? 

The  reaction  mixture  contained  1.3  x  10”'  g  albumen/ — 
ml  mitochondria  and  3*0  x  IQ"-3  g  albumen/ml  microsomes  as 
final  concentration.  The  micro some®  used  was  the  mixture 
of  ribosomes  and  ergastoplasmic  membrane,  obtained  after 
separating  the  homogenous  mixture.  In  order  to  determine 
the  number  of  particles  and  the  average  distance  between 
them,  the  average  values  shown  in  table  $  were  vsed.  Two 
methods  were  employed  to  calculate  the  number  of  particles. 
First,  they  were  determined  from  the  albumen  concentration, 
divided  by  the  molecular  weight,  and  multiplied  by  the 
Losehmidt  figure.  Secondly,  the  weight  of  particles  was 
calculated  from  the  diameter  and  density  in  order  to  divide 
the  concentration  by  the  individual  weight  and  to  obtain 
the  number  of  particles  per  ml.  The  figures  obtained  were 
of  microsom©  particles,  and  5ol0°/ml  of  mitochon¬ 
dria.  For  the  calculation  of  average  distances  between 
particles,  they  may  b©  regarded  as  points  and  th©ir  volume 
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xa&y  oe  disregarded,  A  regular  statistical  distribution  of 
particles  is  used  as  the  basis  of  the  calculation,,  Conse¬ 
quently,  the  distance  between  micro somes  is  0.6/t,  and  be¬ 
tween  mitochondria  12  /&  a 


Table  5 

Assumed  Average  Values  far  Microsemes 
and  Mitochondria 
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/Cagand/l  l)  Miorosomes;  2)  Mitochondria; 
5)  Diameter;  4)  Density, 


These  distances  enable  us  now  to  calculate  the  diffu¬ 
sion  time  required  to  pass  from  on©  particle  to  another 
using  Einstein* s  equation  of  the  diffusion  constant 

prp 

D  *  “TJgirn F”*  Accordingly,  the  diffusion  constant  of  mi- 

wC  P 

ore some a  is  2,2  x  10~y  cm  /sec.  Using  these  figures  as  a 
basis,  we  are  now  In  a  position  to  answer  the  question 
whether  or  not  diffusion  plays  a  role  in  the  transfer  of 
electrons.  The  assumed  diffusion  path  of  micro some  partl- 
cles^would  correspond  to  an  average  diffusion  time  of  1.7 

chondria  is  3  ,  which  would  correspond  to  a  diffusion 

time  of  42  seconds.  In  relation  to  oxidation,  this  would 
.represent  an  extremely  slot*  process.  Since  the  mitochon¬ 
dria  decompose  approximately  IQ7  NABH  particles  par  minute, 
the  diffusion  rate  of  the  particles  is  to©  slow  by  a  factor 
of  6.  This  calculation  clearly  indicates  that  an  electron 
transfer  from  the  micro somes  to  the  mitochondria  cannot 
possibly  occur  by  means  of  a  diffusion  process. 

This  becomes  even  lass  likely  if  we  consider  the  co¬ 
operation  experiment  in  a  viscous  medium.  This  experiment 
allows  for  the  possibility  of  diffusion  as  a  mechanism  of 
transfer  only  if  the  transmitting  agent  represents  a  sub¬ 
stance  with  a  very  low  molecular  content,  A  aubstane© 
meeting  this  requirement  did  not  appear  in  the  model  sys¬ 
tem,  Neither  sould  it  hay©  settled  ©n  the  particles. 
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because  repeated  rinsing  did  not  influence  tha  cooperation 
effect,  A  substance  with  a  low  molecular  content  would 
have  been  washed  away.  The  possibility  of  absorption  of 
the  microcodes  by  the  mitochondria  must  also  bo  ruled  out. 
In  the  case  of  absorption,  it  should  be  possible  to  cen¬ 
trifuge  the  aggregated  particles  away.  centri¬ 

fugal  process,  however,  tha  mitochondria  may  be  activated 
to  a  similar  degree  as  before. 


The  employment  of  radical  catchers  and  the  study  of 
temperature  and  pH  influences  on  the  cooperation  between 
mitochondria  and  microsomes  might  give  us  more  information 
on  this  matter. 
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